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(57) ABSTRACT

A wind turbine includes a main shaft (34), a rotor hub (22),
a plurality of blades coupled to the rotor hub (22), and a rotor
locking disc (32), (32'). The main shait (34) includes a front
end portion (34a), and the front end portion (34a) includes
a first connecting structure (36). The rotor hub (22) includes
a second connecting structure (40). The first connecting
structure (36) of the main shaft (34) 1s fixed to the second
connecting structure (40) of the rotor hub (22). The rotor
locking disc (32), (32') 1s integrally formed on the front end
portion (34a) of the main shait (34), and includes a periph-
eral region. A plurality of rotor locking elements (50), (50')
are located 1n the peripheral region for receiving one or more
rotor locking pins (30).

12 Claims, 5 Drawing Sheets
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WIND TURBINE AND METHODS
INCLUDING MAIN SHAFKT INTEGRATED
WITH LOCKING DISC

TECHNICAL FIELD

The present invention relates to wind turbines generally
including a tower and one or more nacelles mounted on the
tower. The nacelle houses powertrain components, such as a
main drive shaft coupled with a rotor. The mvention more
specifically relates to methods and apparatus for allowing
the main drive shaft rotor hub to be selectively locked
against rotation.

BACKGROUND

It 1s sometimes necessary to lock the rotor of a wind
turbine against rotation when the wind turbine 1s not in use,
such as during maintenance or at other downtimes. For this
purpose, wind turbines have included rotor braking and
locking systems. The braking system 1s designed to stop the
rotor after the rotor has been slowed almost to a stop by the
pitch of the blades. The locking system then locks the rotor
against any rotation. Locking systems typically utilize lock-
ing members, such as pins, that move between locking and
unlocking positions 1n etther an axial or a radial direction
relative to the direction of rotation of the rotor. The axial
direction 1s parallel to the lengthwise axis of the wind
turbine main shaft, while the radial direction 1s perpendicu-
lar to the lengthwise axis of the main shait. The pin 1s moved
into and out of engagement with a rotatable ring-like struc-
ture that 1s fixed for rotation with both the main shaft and the
rotor hub. The present invention relates to those systems
using one or more pins moving axially or parallel to the main
shaft and the axis of rotation of the rotor rather than moving
radially or perpendicular to the main shaft and axis of
rotation. The components of rotor lock systems are usually
large cast parts formed 1n one large piece. The main com-
ponent 1s often a cast locking ring having a plurality of
closed perimeter recesses that selectively recerve rotor lock-
ing pins. The recesses may be blind bores or through bores.

The locking ring 1s comprised of one or more separate
components fixed proximate or near the front end portion of
the main shaft and rotates with the rotor hub and main shaft
when the wind turbine 1s 1n operation. Such designs for the
locking rings add to the weight of these already large scale
assemblies. Further, the assembly of multiple large scale
components together can present special challenges. For
example, the handling of multiple components presents
difficulties during assembly and installation procedures.
Generally, this increases component and handling costs.

It would be desirable to provide apparatus and methods
for rotor lock systems and for main shaft/rotor hub connec-
tions that address the various drawbacks and challenges
associated with current technology. Specifically, 1t would
desirable to provide manners 1n which the connections made
between a main drive shait and a rotor hub are more
simplified thereby saving time and costs and creating a more
cllicient assembly process. In addition, it would be desirable
to achieve weight savings as well as increased design
freedom and modular abilities, while maintaining optimal
strength characteristics.

SUMMARY

In an 1llustrative embodiment the invention comprises a
wind turbine including a main shaft, a rotor hub, a plurality
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of blades coupled to the rotor hub, and a rotor locking disc.
The main shaft includes a front end portion, and the front
end portion includes a first connecting structure comprised
of a first plurality of fastener holes. The rotor hub includes
a second connecting structure. The first connecting structure
of the main shaft 1s fixed to the second connecting structure
of the rotor hub using the first plurality of fastener holes so
that the main shaft and rotor hub rotate together. The rotor
locking disc 1s integrally formed on the front end portion of
the main shait, and includes a peripheral region. The first
plurality of fastener holes 1s more specifically located on the
rotor locking disc. A plurality of rotor locking elements 1s
located 1n the peripheral region for receiving one or more
rotor locking pins moved 1n an axial direction relative to the
lengthwise axis of the main shaft. The rotor locking ele-
ments may be of any desired configuration or design, such
as recesses ol any suitable shape.

The 1invention may alternatively or additionally include
further features and/or components. The first plurality of
fastener holes may be located at a radially inward position
on the rotor locking disc relative to the rotor locking
clements. In addition, or alternatively, one or more fastener
holes may be positioned between adjacent rotor locking
clements. The rotor locking disc may further comprise a
transition section positioned between the main shaft and the
rotor locking elements. The transition section may have an
average thickness greater than the average thickness 1n a
radially outer section containing the rotor locking elements.
The section of the rotor locking disc containing the rotor
locking elements may be offset in a rearward direction
relative to an adjacent portion of the transition section. The
rotor locking elements may further comprise open perimeter
recesses 1n which the perimeters of the recesses open to an
outer circumierence of the rotor locking disc. Alternatively,
these rotor locking elements may be comprised of complete
or continuous closed perimeter recesses as in conventional
technology. The open perimeter recesses may be generally
U-shaped.

As additional aspects, a second plurality of fastener holes
may be provided in the peripheral region of the rotor locking
disc. The first plurality of fastener holes may be located at
a position radially mmward of the rotor locking elements and
the second plurality of fastener holes may be located
between adjacent rotor locking elements.

The first and/or second pluralities of fastener holes are
used to recerve fasteners to secure the main shaft to the rotor
hub. A third plurality of fastener holes may be provided in
the peripheral region of the rotor locking disc positioned
radially outwards of said second set of fastener holes,
wherein both the second and third pluralities of fastener
holes may be located between adjacent rotor locking ele-
ments. At least some of the fastener holes may be of a
different diameters. Or, some or all fastener holes may be of
the same diameter. The fastener holes located between the
rotor locking elements may be of a smaller diameter than the
first plurality of fastener holes.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated 1n
and constitute a part of this specification, illustrate one or
more embodiments of the invention and, together with a
general description of the invention given above, and the
detailed description given below, serve to explain the inven-
tion.
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FIG. 1 1s a perspective view of a wind turbine constructed
in accordance with an illustrative embodiment of the inven-
tion.

FIG. 2 1s an enlarged perspective view cross sectioned to
illustrate an integral construction of a main shaft and rotor
locking disc 1n one 1llustrative embodiment of the invention.

FIG. 3 15 an enlarged perspective view cross sectioned to
illustrate the connection between the main shaft and rotor
hub using the integrated locking disc, and schematically
showing the use of locking pins.

FIG. 4 1s a view similar to FIG. 3, but illustrating an
alternative embodiment of the mtegrated locking disc
including closed perimeter recesses as the rotor locking
clements.

FIG. 5 1s a view similar to FIG. 4, but 1llustrating another
alternative embodiment of the integrated locking disc
including multiple sets of fastener holes.

DETAILED DESCRIPTION

Referring first to FIG. 1, a wind turbine 10 1s shown and
1s constructed with a tower 12, a nacelle 14, and a rotor 16
coupled for rotation relative to the nacelle 14. The rotor 16
generally comprises a rotor hub 22 and three turbine blades
24 fixed for rotation with the rotor hub 22. As shown, the
tower 12 includes a base 26 fixed to a support surface 28
which may, for example, be a foundation in the ground or
any other suitable support surface including a platform at
sea.

Referring now to FIGS. 1-3, a first 1llustrative embodi-
ment 1s shown. At times the rotor 16 must be fixed against
any rotation. For example, these time periods may include
maintenance periods or other times during which the wind
turbine 10 1s not in use. For this purpose, the wind turbine
10 includes a braking system and control (not shown) which
will be used to slow and then stop the rotor 16 from rotating.
The control will be used to activate a rotor lock system that
comprises a plurality of rotor locking pins 30 engageable
and disengageable with a rotor locking disc 32 integrally
formed with the main shaft 34, as further described below.
For example, the rotor locking disc 32 and the main shait 34
may be formed as an integral metal casting or otherwise
formed such that the rotor locking disc 32 is integrated as
one piece with the main shait 34. As shown, the rotor
locking disc 32 1s generally located 1n a plane perpendicular
to the longitudinal axis or lengthwise extent of the main
shaft 34. The main shaft 34 i1s coupled to a generator directly
or through other drive components (not shown). The main
shaft 34 further includes a front end portion 34a. The front
end portion 34a 1includes a first connecting structure 36. The
rotor hub 22 includes a second connecting structure 40
configured to mate with the first connecting structure 36 on
the front end portion 34a of the main shaft 34. These
connecting structures 36, 40 are fixed rigidly together using
one or more sets of threaded bolts 39 extending through
respective holes 38 of a transition section 41 and into holes
44 provided in the rotor hub 22. The transition section 41
may be part of the integrally formed rotor locking disc 32.
As shown, the rotor locking disc 32 is carried proximate or
near the front end portion 34a of the main shaft 34. One
advantage of forming the rotor locking disc 32 as an
integrated portion of the main shait 34 1s the resulting weight
savings and, therefore, cost savings due to the elimination of
a rotor locking disc 32 separate from the main shait 34. Also,
climinating the separate connections needed for a separate

10

15

20

25

30

35

40

45

50

55

60

65

4

rotor locking ring simplifies the assembly and installation
process and reduces costs and the potential for accidents or
mistakes during assembly.

As further shown 1n FIGS. 2 and 3, the rotor locking disc
32 has a generally circular outer circumierence 32a and a
plurality of open perimeter recesses 50 1n a face of the rotor
locking disc 32. The recesses 50 have openings 50a com-
municating or intersecting with the outer circumierence 32a.
In other words, and unlike conventional closed perimeter
recesses 1n axial locking systems, there 1s an area or opening
50a 1n which there 1s no disc matenal radially outward of the
recess 50. In other embodiments, the rotor locking elements
50 may comprise any other configurations, such as conven-
tional circular or other continuous or closed perimeter
recesses. The recesses may be complete through bores or
blind bores. Embodiments having closed perimeter recesses
also have advantages and will be described further below as
options in connection with FIGS. 4 and 5. At least one rotor
locking pin 30 1s movable 1n an axial direction parallel to the
lengthwise axis of the main shait 34. The pin 30 moves
between a disengaged position relative to at least one of the
recesses 50 and an engaged position at least partially located
in one of the recesses 50 for locking the rotor hub 22 against
rotation. The recesses 50 are shown as partially circular in
shape, (e.g., generally U-shaped) and the pins 30 have a
complementary cylindrical shape for closely extending at
least partially into an aligned recess 50. Other shapes may be
used instead. Two rotor locking pins 30, for example, may
be located at the three o’clock and nmine o’clock positions
relative to the disc 32 and may be driven along their
respective axes by suitable drive components (not shown)
between extended and retracted positions. In the extended
position, the pins 30 will have their ends at least partially
received 1n a respective aligned recess 30 thereby locking
the rotor hub 22 and main shaft 34 against any rotation. For
achieving this purpose, 1t will be appreciated that the pins 30
are part of a rotor locking system 1n the nacelle 14 (FI1G. 1)
that 1s rigidly secured and fixed in place with components
that are not shown for the sake of conciseness. However,
these components of the rotor locking system are well
known to those of skill in the art. In the retracted position,
the pins 30 will disengage the recesses 50 along the same
axial path as the engagement movement previously
described but in the opposite direction. This disengagement
will unlock and allow rotation of the rotor hub 22 and main
shait 34.

The rotor locking disc 32 further includes one or more
reduced thickness areas 354 adjacent recesses 50. These
reduced thickness areas 34, like the recesses 50, may be of
any desired number. Overall, the average thickness of the
material at the area of the recesses 30 1s less than the average
thickness of material 1n the transition section 41. For optimal
strength characteristics, the fastener holes 38 may be located
in the transition section 41, radially mward of the recesses
50. However, as also discussed below, other locations for
fastener holes are possible as well. Also, the section of the
rotor locking disc 32 containing the rotor locking elements
or recesses 30 may be oflset 1n a rearward direction relative
to an adjacent portion of the transition section 41.

There may be more than one reduced thickness arca 54
between or otherwise adjacent recesses 50 and/or, at one or
more locations, there may not be any reduced thickness area
54 between adjacent recesses 50. As shown 1n this embodi-
ment, the entire area adjacent the recesses 30 1s of reduced
thickness as compared to the transition section 41 located
immediately radially inward of the recesses 30. The reduced
thickness areas 354 provide a manner to reduce overall
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weight of the disc 32 while still optimizing strength and
stress distribution characteristics necessary to accommodate
the large forces between the disc 32 and the pins 50. The
outer diameter of the rotor locking disc 32 1s smaller than the
outer diameter of a conventional rotor locking ring having
through holes near the periphery for receiving rotor locking
pins 30. This reduction 1n diameter further increases acces-
sibility to the rotor hub 22 and reduces weight of the rotor
locking disc 32 while enabling optimization of strength and
stress characteristics, as well as allowing more design free-
dom for the shape and configuration of the disc 32. Further,
more design freedom thereby exists for components near the
rotor locking disc 32 in the nacelle 14 (FIG. 1), including the
nacelle 14 itself, as the height/width of the rotor locking disc
32 will often be a larger part of the dimensions of the nacelle
14.

FI1G. 4 1llustrates another embodiment of the invention.
This embodiment may be formed as described generally
above 1n connection with the first embodiment, but may
turther include differences as shown and described with
respect to FIG. 4. In this figure, the same reference numerals
are used to describe common features or components with
respect to the first embodiment and need no further detailed
discussion. Features or components that are slightly different
from analogous features or components of the first embodi-
ment are denoted with the same reference numerals but also
include prime (') marks. This embodiment further i1llustrates
closed perimeter recesses 50' as opposed to the open perim-
eter recesses 30 of the previous embodiments, but retains the
advantageous feature of having a rotor locking disc 32
integrated with the main shaft 34 as described above.

FIG. § illustrates another embodiment of the invention.
This embodiment may be formed as described generally
above 1n connection with the first and/or second embodi-
ments, but may further include differences as shown and
described with respect to FIG. 5. In this figure, the same
reference numerals are used to describe common features or
components with respect to the first and second embodi-
ments and need no further detailed discussion. Features or
components that are shightly different from analogous fea-
tures or components of the first and second embodiments are
denoted with the same reference numerals but also 1nclude
prime (') marks. This embodiment illustrates closed perim-
cter recesses 50' as opposed to the open perimeter recesses
50 of the previous embodiments, but retains the advanta-
geous feature of having a rotor locking disc 32' integrated
with the main shait 34 as described above. It will be
appreciated that this embodiment may also have rotor lock-
ing elements of any desired shape or configuration, such as
open perimeter recesses 30.

More specifically, the first connecting structure 36 shown
in FIG. § comprises at least first and second sets or plurali-
ties of fastener holes 38a, 385 1n the peripheral region of the
rotor locking disc 32'. The first set of fastener holes 38a 1s
located at a position radially mmward of the rotor locking
clements 50" and the second and third sets of fastener holes
38bH, 38¢ are located 1n the spaces of the locking disc 32
between adjacent rotor locking elements 50'. There may be
only holes 385 or 38¢ located between adjacent rotor locking
clements 50', or both sets may be located between adjacent
rotor locking elements 50'. In addition, there may be addi-
tional holes (not shown) located radially outward of the rotor
locking elements 50'. Fastener holes 38a, 385, and 38¢ may
each have the same diameter. But, as shown here, holes 385
and 38¢ are of smaller diameter than holes 38a. The diam-
cters may be of any desired or necessary size for the

application. While there are advantages of using sets of
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fastener holes having different diameters, there are indepen-
dent advantages of locating fastener holes between adjacent
rotor locking elements 50'. In this regard, the space between
adjacent rotor locking elements 50' 1s efliciently used for
connection purposes by placement of one or more fastener
holes 1n these spaces, regardless of the size of the fastener
holes and regardless of the particular design or configuration
ol the rotor locking elements.

The fastener holes 384, 3856 and/or 38c¢ are used to receive
suitable fasteners such as bolts 39a, 395, 39¢ to secure the
main shaft 34 to the rotor hub 22. When making certain
connections between a main shaft 34 and a rotor hub 22, it
may be desirable to use all three sets of fastener holes 38a,
385, 38c. As one of many examples, 1t may be necessary to
use only the first set of fastener holes 38a and corresponding
bolts 394 for securing the main shatt 34 to the rotor hub 22.
It all holes 38a, 38b, 38¢ have the same corresponding
diameter, then a single size of bolts, such as bolts 39a, may
be used as necessary 1n each of the holes 38a, 385, 38¢. In
other situations, multiple sizes of bolts may be used instead.

While the present mvention has been illustrated by a
description of various preferred embodiments and while
these embodiments have been described 1in some detail, 1t 1s
not the itention of the Applicant to restrict or 1n any way
limit the scope of the appended claims to such detail.
Additional advantages and modifications will readily appear
to those skilled in the art. Thus, the various features of the
invention may be used alone or 1n any combination depend-
ing on the needs and preferences of the user.

The mvention claimed 1s:

1. A wind turbine (10), comprising:

a main shaft including a front end portion, the front end
portion including a first connecting structure comprised
of a first plurality of fastener holes;

a rotor hub including a second connecting structure,
wherein the first connecting structure of the main shaft
1s {ixed to the second connecting structure of the rotor
hub using the first plurality of fastener holes;

a plurality of blades coupled to the rotor hub; and

a rotor locking disc integrally formed on the front end
portion of the main shaft, the rotor locking disc having
a peripheral region and a plurality of rotor locking
clements 1n the pernipheral region for recerving one or
more rotor locking pins moved 1n an axial direction
relative to the lengthwise axis of the main shatt.

2. The wind turbine of claim 1, wherein the first plurality
of fastener holes 1s located at a radially inward position on
the rotor locking disc relative to the rotor locking elements.

3. The wind turbine of claim 1, further comprising:

a second plurality of fastener holes in the peripheral
region of the rotor locking disc, the first plurality of
fastener holes located at a position radially mnward of
the rotor locking elements and the second plurality of
fastener holes located between adjacent rotor locking
clements, wherein the first and/or second pluralities of
fastener holes are used to recerve fasteners to secure the
main shait to the rotor hub.

4. The wind turbine of claim 3, further comprising;:

a third plurality of fastener holes in the peripheral region
of the rotor locking disc positioned radially outwards of
sald second set of fastener holes, wherein both the
second and third pluralities of fastener holes are located
between adjacent rotor locking elements.

5. The wind turbine of claim 3, wherein at least some of

the fastener holes are of different diameters.

6. The wind turbine of claim 1, wherein all the fastener
holes are of the same diameter.
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7. The wind turbine of claim 3, wherein the fastener holes
located between the rotor locking elements are of a smaller
diameter than the first plurality of fastener holes.

8. The wind turbine of claim 1, wherein the rotor locking,
clements further comprise recesses having open perimeters 5
intersecting an outer circumierence of the rotor locking disc.

9. The wind turbine of claim 8, wherein the recesses are
generally U-shaped.

10. The wind turbine of claim 1, wherein the rotor locking
clements further comprise recesses each defined by a closed 10
perimeter.

11. The wind turbine of claim 1, wherein the rotor locking
disc further comprises a transition section positioned
between the main shait and the rotor locking elements,
wherein the transition section has an average thickness 15
greater than the average thickness 1n a radially outer section
containing the rotor locking elements.

12. The wind turbine of claim 10, wherein the section of
the rotor locking disc containing the rotor locking elements
1s oflset in a rearward direction relative to an adjacent 20
portion of the transition section.
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